Geometrical shape discrimination has been shown to play an important role in the spatial orientation of a wide variety of mammals and birds, while the study of this ability in particular and of cognitive processes in general has been rather neglected in reptiles. The present experiment aims to investigate the ability of wild Greek tortoises Testudo graeca from Topolog forest, Tulcea County, Romania, to discriminate between simple geometrical shapes. Forty-two adult tortoises were subjected to a task consisting of escaping from a square arena through one of the four available doors, each with a geometrical shape attached. Thirty-one individuals completed 10 consecutive trials, requiring significantly less time for the last trial than for the first. This trend suggests that Greek tortoises developed and used an escape strategy, most likely relying on the geometrical shapes provided as cues. This experiment is the first to explore the cognitive processes of this species and further work should expand on the ecological significance of this ability. K Key words: cognitive abilities; navigation; orientation; Romania; Tulcea; visual cues.
As shown for species like rats (CHENG, 1986) , human children (HERMER & SPELKE, 1996) , rhesus monkeys Macaca mulatta (GOUTEUX et al., 2001) , red tails plitfins Xenotoca eiseni (SOVRANO et al., 2002 (SOVRANO et al., , 2003 , or Neotropical ants Gygantiops destructor (WYSTRACH & BEUGNON, 2009) , the overall geometry of the environment is used primarily in orientation tasks. The importance of global geometry for spatial orientation makes sense from an ecological point of view. In an animal's natural environment, the overall layout (shapes and distances between important landmarks) remains unchanged across seasons, whereas more local cues such as colours, textures, and brightness may change (for example, due to season change). Thus, the global geometry is more reliable for animal orientation (CHENG & GALLISTEL, 1984; GALLISTEL, 1990; HERMER & SPELKE, 1996) .
However, smaller, more local cues cannot be ignored. The ability to use geometric properties of more specific objects, as opposed to the geometry of the environment discussed so far, must be adaptive, as it provides animals with vital information for everyday activity. Various species have been studied in terms of their perception of geometrical shapes and visual discrimination ability. Sand fiddler crabs (Uca pugilator) with no previous training that were presented simultaneously with stationary geometrical shapes of equal surface areas exhibited various response strengths, in descending order as follows: vertical rectangle > horizontal rectangle >trian-gle > square > circle (LANGDON & HERRNKIND, 1985) . Moreover, chemically stimulated heaping fiddler crabs (Uca cumulanta) navigated away from striped rectangles that resembled seagrass meadows inhabited by predators, and orientated towards vertical ovals perceived as refuge sites (CHIUSSI & DIAZ, 2002) . Similarly, some species of hermit crabs and mangrove crabs can learn to associate geometrical shapes with either shelters (represented by gastropod shells of various qualities) or predators, depending on the size and the angle at which the shape is positioned (ORIHUELA et al., 1992; DIAZ et al., 1994 DIAZ et al., , 1995 . Cotton-top tamarins (Saguinus oedipus) subjected to a foraging task in an artificial jungle were not affected by changes in the overall shape of the environment whereas alterations of the landmark shape resulted in significant performance disturbance (DEIPOLYI et al., 2001) .
Geometrical shape discrimination is also reported in several species of fish, such as the African cichlid Pseudotropheus sp., which could distinguish between two-dimensional geometrical shapes of various sizes and differentiate between two categories of objects, "fish" and "snail" (SCHLUESSEL et al., 2012) and the Ambon damselfish, Pomacentrus amboinensis, which could rapidly learn to discriminate between bi-dimensional and tridimensional objects (SIEBECK et al., 2009) . The experimental design ensured a gradual reduction of the number of stimuli until only overall shape remained, which was still enough for the fish to discriminate accurately (SIEBECK et al., 2009) .
It has long been assumed that amphibians and reptiles are not capable of learning to an extent comparable to mammals and birds, mainly due to the lack of anatomical structures involved in advanced cognitive processes (SUBOSKI, 1992) . However, the interest in reptile intelligence has a relatively long history (reviewed in Burghardt, 1977 , cited in WILKINSON et al., 2007 . Reptiles have been found to perform similarly to mammals and birds in spatial orientation tasks (LÓPEZ et al., 2000 (LÓPEZ et al., , 2001 and there is a growing body of evidence suggesting that the medial cortex of reptiles is equivalent to mammalian and avian hippocampus in terms of its role in spatial memory (RODRÍGUEZ et al., 2002; LÓPEZ et al., 2003) .
The most recent information concerning cognitive aspects of chelonians comes from the study of the red-footed tortoise, Chelonoidis carbonarius. The animals performed above chance in an eight-arm radial maze, never re-entering an arm they just exited from (WILKINSON et al., 2007) and, when available, using extra-maze cues to orient (WILKINSON et al., 2009) . Although a solitary species, red-footed tortoises are able to learn to navigate by observing conspecifics (WILKINSON et al., 2010) and have the capacity to discriminate between real objects and pictures of them (WILKINSON et al., 2013) .
The Greek tortoise, Testudo graeca, has been studied in terms of population structure and dynamics (LAMBERT, 1982; ZNARI et al., 2005) , diet (EL MOUDEN et al., 2006) and other biological aspects, such as the influence of testosterone on male reproductive behaviour and space use (SEREAU et al., 2010) , but there is a lack of literature concerning cognitive aspects of this species.
The present study focuses on the ability of the Greek tortoise to orient using proximal visual cues in order to escape from a square enclosure. It has been already confirmed for other chelonians that the visual system plays an important role in their daily activities (MÄTHGER et al., 2007; NARAZAKI et al., 2013) and related spatial orientation abilities have been described for the red-footed tortoise Chelonoidis carbonarius (WILKINSON et al., 2007 (WILKINSON et al., , 2009 (WILKINSON et al., , 2013 . When provided with geometrical shapes attached to a curtain surrounding the test maze, the red-footed tortoise did not use them to navigate (WILKINSON et al., 2009) . By designing a maze of appropriate complexity and testing a large enough sample to compensate for the limited control, this experiment aims to assess whether the ability to discriminate between simple geometrical shapes actually exists in tortoises and explores the hypothesis that the subjects will require gradually less time to complete a trial-and-error test involving escaping from a box with three "false" and one "true" exit.
M MATERIALS AND METHODS

Animals and area of study
The Greek tortoise inhabits temperate and Mediterranean areas and is unevenly distributed in south-east Romania, following mixed deciduous forests (TORTOISE & FRESHWATER TURTLE SPECIALIST GROUP, 1996; COVACIU-MARCOV et al., 2006) . The population found in Topolog forest in Tulcea County has never been surveyed, but sightings are frequently reported by locals (the forest is exploited for timber and the surroundings are used as pastures) between mid-March and late October (A. Glavaschi, personal observation). An area of approximately 10 ha in SE Romania (Tulcea county, 44°50'N, 28°25'E) was surveyed in August 2012.A total of 42 adult specimens (32 males, 10 females) of unknown life histories and health conditions, though all experimentally naïve, were tested. The number of annuli and the overall carapace aspect were used to approximate age. Males and females were differentiated according to plastron characteristics: males showed wider openings around the legs, a concavity around the suture between the abdominal scutes, a convex supracaudal scute with the cavity above the tail and the tips of the anal scutes relatively wide apart, whereas in females the leg openings are narrower and the plastron is flat, as well as the supracaudal scute, and the distance between the tips of anal scutes being considerably smaller (LAMBERT, 1982; see CARRETERO et al., 2005 , for a schematic representation of the tortoise carapace and plastron).
T The experimental device
A 45 x 45 x 31 cm cardboard box (square base) was manufactured. The walls were of the same lengths to prevent tortoises from orientating by the shape of the environment, as described above. To reduce the differences to the geometrical shapes available for orientation, a 27 cm wide, 20 cm high door was cut through each wall at equal distances to the corners. Geometrical shapes of similar surface areas were attached on the inside of each door as follows, in a clockwise order when viewed from above: triangle, circle, rectangle and square (Fig. 1 ). All shapes were made from standard printing paper and painted solid black with watercolors. Paper glue was used for attachment. Because all geometrical shapes used as visual cues were regular and equally unlikely to be encountered in nature, the triangle was randomly selected to be attached to the "true" exit. The door could easily be pushed outwards so that the tortoises could escape. All the other doors were blocked on the outside with adhesive tape.
Procedure
Tortoises were encountered throughout the day, between 08:00 and 18:00. At the moment of encounter, the individuals were allowed to become familiar of being in close proximity to the experimenter for approximately 20 minutes during which time the experimental setup took place. The box was placed on the nearest flat, shaded area. In some cases, extraneous cues such as tree branches, plants, clouds and stones were visible from inside the box.
Tortoises were always placed in the centre of the box, facing the rectangle (with the correct exit directly behind them). A standard digital stopwatch was used to measure the time needed to locate and operate the correct door. Any other movements performed inside the box were timed and noted. Air temperature was measured using a digital thermometer. The animals were observed from a minimum distance of 1.5 m in order to minimize experimenter effects.
Once outside, each individual was allowed to walk approximately 5m away from the box, while the box was set again for the next trial, then the animal was placed back inside the box in the same orientation as originally. A trial was considered completed when half of the animal was outside the box. A test consisted of ten consecutive trials for each individual. A fresh piece of apple was placed in front of the correct door as a food reward; however, on no occasion were the tortoises interested in it. Perfume-free wet wipes were used to wipe the walls and floor of the box after each individual had finished the test, to minimize any scent trials that might have influenced subsequent subjects.
The overall time needed to complete the trials, comprising the latency to the first movement and the active search time, were analyzed to determine any decrease that would indicate that learning has occurred.
A trial was considered failed if the animal could not find the exit after 15 minutes of moving around the box or was inactive for 10 minutes, in which case the door was fixed open and the animal allowed to escape. In some cases, the individuals had to be handled so that they faced the open door. An individual was allowed to fail three consecutive trials. If the fourth trial was also unsuccessful, the specimen was not subjected to further testing. The test was also abandoned if the subject showed clear signs of stress (such as urinating, defecating, gular pumping or retracting for more than five minutes) at any stage of the test. To avoid false replicas, tested individuals were marked on the plastron using blue nail polish. After marking, animals were released in the exact location and orientation they were encountered in. Handling was limited to placing individuals in the box after each completed trial, marking, photographing and, in a few cases, placing the animal facing the correct exit, and this was done with maximum caution.
S Statistics
To assess whether the performance improved between the beginning and the end of the test, differences between the first and last trial were calculated for all variables: latency to the first movement, active search time and overall time. The data set was tested for normality and homogeneity of variance using Shapiro-Wilk tests and graphical methods (results not shown). According to these results, Wilcoxon signed-rank tests were used to compare between the times (median numbers of seconds) needed for the first, fifth and last trial, to explore the variation in performance. The results from the other trials were not used in statistical tests to avoid any potential errors. Spearman's correlations were conducted in order to assess whether the latency to the first movement, the active search time and the overall time varied independently from one another or whether there were any interactions.
Potential effects of the activity at the moment of encounter were examined. Individuals found walking, digging burrows or interacting with conspecifics were classified as being involved in a "high" level of activity, whereas tortoises found hidden under leaves, drinking, feeding or basking were included in the "low" level of activity category. Wilcoxon signed-rank tests were conducted to see whether search time was influenced by the activity at the moment of encounter.
To determine whether the subjects actually used the geometrical shapes as a guidance strategy as opposed to simply remembering what direction to follow, the percentage of times the first successful movement was repeated was calculated. Similarly to the method used by RODRÍGUEZ et al. (2002) , the tortoises in the present experiment were considered to follow a certain pattern if 80% (8 out of 10) of the first movements were identical with each other and the first successful movement.
The temperature effects were examined by comparing the results of successful individuals below and above 30°C and by looking for significant differences between the temperatures experienced by successful and unsuccessful individuals. Again, the distribution was explored using Shapiro-Wilk tests and Wilcoxon signed-rank tests were used for the analyses.
The results were considered statistically significant at a P value of 0.05. All calculations were performed using R statistics package (R DEVELOPMENT CORE TEAM, 2008).
R RESULTS
Thirty-one of the 42 individuals tested were successful (25 males and six females), i.e. completed 10 trials with or without additional failed trials, and were used in statistical tests. Six of the successful individuals (five males and one female) failed between one and three trials.
The mean difference between the overall time needed to complete the first and last trial is well above 0 (210 ± 195 s).The overall time spent inside the box decreased as the test progressed. Significant differences can be observed between the first and fifth trials (Wilcoxon signed-rank test: W = 487, P< 0.001, N = 31; first trial: median time = 269 ± 233 s; fifth trial: median time = 96± 106 s) and also between the first and tenth trials (W = 456, P< 0.001, N = 31; first trial: median time = 269 ± 233 s; tenth trial: median time = 94 ± 155 s). The performance remained constant during the second half of the test, as reflected by the lack of significant difference between the fifth and tenth trial (W = 193, P = 0.603, N = 31; fifth trial: median time = 96 ± 106 s; tenth trial: median time = 94 ± 155 s). As illustrated by the error bars in Fig. 2a , individual subjects exhibited different levels of activity. The main source of variation in the overall time is represented by its second component, the time used to actively explore the box. Similarly, this decreases significantly during the first part of the test (W = 480, P<0.001, N = 31; first trial: median time = 220 ± 235 s; fifth trial: median time = 55 ± 114 s) and the performance is maintained until the end (W = 470.5, P<0.001, N = 31; first trial: median time = 55 ± 114 s; tenth trial: median time = 45 ± 150 s), with no significant improvement between the fifth and tenth trial (W = 188, P = 0.530, N = 31; fifth trial: median time = 55 ± 114 s; tenth trial: median time = 45 ± 150 s) (Fig. 2b) . Although not as obviously as the other variables, latency also decreases. At the beginning ofthe fifth trial, tortoises take less time to start exploring the box than in the first trial (W = 288, P = 0.004, N = 31; first trial, median latency = 26 ± 53.5 s; fifth trial: median latency = 0 ± 45.5 s) and the performance remains the same until the tenth trial (W = 110, P = 0.603, N = 31; fifth trial: median latency = 0 ± 45.5 s; tenth trial: median latency = 10 ± 35 s) (Fig. 2c) . As illustrated by the error bars in Figs. 2a-c, wide variation between individual performances was observed. When all the variables are plotted together (Fig. 2d) it is readily visible that the overall time and the active search time vary similarly whereas the latency remains constant. This final point is further supported by the strong correlation reported by Spearman's test (Fig. 3a) (rs= 0.951, P< 0.001). Analysis of the relationship between the overall time and latency also returns a positive correlation, but not as strong as the one between overall search time and active search time (rs= 0.697, P = 0.029; Fig. 3b ). No statistically significant relationship was found between latency and active search time (rs= 0.55, P = 0.099; Fig. 3c ).
Performance (measured by variation in the search time) was not influenced by the activity at the moment of encounter at any stage of the test. Individuals involved in a high level of activity (median search time: 276 ± 282 s, N = 19) did not perform better than those less active (median search time: 206.5 ± 126 s, N = 12) during the first trial Only 11 of the 31 subjects showed consistency in the path followed after being reintroduced in the box, i.e. the first successful movement was repeated for at least eight trials. One of these subjects was a female and the rest were males.
The air temperature did not seem to influence whether the subjects completed or failed the trials, as successful individuals did not perform the test at a significantly different temperature than unsuccessful ones (W = 203, P = 0.359; successful individuals: median temperature = 30.1°C, N = 31; unsuccessful individuals: median temperature = 30.1°C, N = 11).
D DISCUSSION
This study demonstrates that Greek tortoises are capable of finding and operating the correct door in order to escape from the experimental set-up used. For all but two subjects, the time needed to complete the tenth trial was less than the time needed to complete the first trial, which is the first indication of the development of a strategy of some sort. Although the overall time needed to complete the trials decreases in a fashion that readily suggests the acquisition and learning of a certain escape mechanism, the active search time is a better indicator of an improvement in performance variation. Latency remained relatively constant throug- hout the tests (Figs. 2b and 2d ) owing to the fact that the subjects were reluctant to perform any movements soon after being placed (back) into the box. Therefore, latency represents an increasingly higher proportion of the overall time as the active search time decreases. The active search time shows a more realistic variation of the tortoises' performance and thus gives a more reliable measurement. The fact that tortoises spent significantly less time exploring the box as the tests progressed clearly suggests that they have learned and used a strategy. At some point during the test, each individual stood immobile in front of each wall, looking directly forwards, suggesting that they were scanning the surroundings. The square shape of the enclosure prevented orientation according to large scale geometry, as reported for a wide variety of species (see above), thus the local cues (i.e. the geometrical shapes attached to the walls) are likely to have been used.
As illustrated in Figs. 2c and 2d, there is a slight increase in the search time during the last trial compared to the previous five trials, and the same trend reflects on the overall time (Figs. 2a and 2d) . It is suggested for other reptile species that when an increase in familiarity of the environment is accompanied by a decrease in activity, this could be attributed to the fact that the subjects become comfortable within the enclosure (HOLTZMAN et al., 1999; Chiszar et al., 1976 , cited in HOLTZMAN et al., 1999 . It is very unlikely that this is the case here. Certain individuals showed clear signs of stress, such as urinating, defecating, fighting vigorously when handled and retracting when being placed back inside the box after the completion of a trial, which is expected from wild, experimentally naïve animals. This slight increase during the last part of the test is probably due to exhaustion, as most of the individuals moved around the box constantly, climbing and scratching the walls.
The use of extra-maze cues during orientation tasks is reported for other species, including chelonians (LÓPEZ et al., 2000 (LÓPEZ et al., , 2001 (LÓPEZ et al., , 2003 WILKINSON et al., 2009) . In the present study, as it was impossible to completely isolate the box from the surroundings, elements of the environment, such as tree branches and tall plants, were visible from within. A common behaviour was climbing the walls, usually at the corners, leaning against with the front limbs, looking outside and trying to escalate. Thus, the hypothesis that tortoises used the environmental cues as a guidance strategy cannot be ruled out.
The activity at the moment of encounter was expected to reflect on the subjects' behaviour inside the box. Individuals involved in a less energy demanding activity (resting, basking, feeding) were expected to require a longer time to complete the trials, while more active individuals (walking) were expected to complete the trials faster since they were already involved in a navigation process. This hypothesis was not supported, suggesting that the ability to use geometrical shapes to navigate is part of a set of cognitive processes that can be employed whenever the circumstances require it.
The fact that less than half of the successful individuals met the significance criterion of 80% first movements identical to the first successful one suggests that repeated transfers back into the box are disorienting and the subjects cannot maintain a constant path, requiring a certain amount of time to compute the spatial arrangement of the arena.
There is evidence of different learning abilities and spatial use between sexes, which is possibly accentuated during breeding season (JACOBS, 1996) . Male Greek tortoises do not use colours, vocalisations or any other advertisements to attract mates but have to actively search for them and consequently are expected to perform better in spatial tasks than females. A biased sex ratio towards males (24 out of the 31 subjects), while not necessarily unusual (see MEEK, 1985 for a Hermann's tortoise population survey), did not allow this assumption to be tested.
Tests for the importance of olfaction in reptile spatial tasks have provided mixed results (GRAHAM et al., 1996; WILKINSON et al., 2013) . Gular pumping, which is linked to the use of olfaction (GRAHAM et al., 1996) was observed in a few cases. The paint used for the geometrical shapes had a characteristic smell, however this was uniformly spread. Although the procedure was designed to minimize odour trails between individuals, no measures were taken to eliminate any odour traces between the trials of the same test, so the possibility that the tortoises oriented according to their own odour traces cannot be ignored.
It has been reported for desert tortoises, Gopherus agassizii, that at temperatures higher than 29°C a change in behaviour towards seeking cover occurs (HINDERLE, 2011) . Exposure to environmental temperatures higher that 40°C for more than one hour are unsafe for Greek tortoises, and body temperatures higher than 38°C for prolonged periods hasten dehydration (LAGARDE et al., 2012) . In this particular study, temperature did not influence the outcome of the test (failed/completed), but a more detailed impact on the subjects' performance is not readily obvious.
Due to its nature, the present study has a series of inevitable limitations, as with all behavioural studies conducted on wild animals. Although it can be approximated with sufficient confidence whether the tortoises were adults or juveniles, the exact age was not known. Also, nothing was known about the life histories of the individuals or their health conditions. It has been shown for other species that certain diseases, in the infective phase, impair learning abilities (JACOBS, 1996) . There is a high chance that the majority of tortoises in this study have never encountered humans before. The carapaces and plastrons of some specimens showed signs of accidents that may have left traumas.
The low degree of comfort around humans is also reflected by the fact that all individuals ignored the food reward, as their only interest once outside was to move as far away as possible. The heterogeneity of the sample is best reflected by the number of individuals that failed the test completely (26% of the entire sample), firstly, and secondly by the widely variable behaviour of the successful individuals, from different points of view. Many different levels of performances were observed, as seen in Fig. 2 . The lack of training prior to the tests is most likely responsible for the fact that seven individuals needed between one and three extra trials before being able to find the exit by themselves.
Unlike other animals tested for geometrical shape determination, such as the fiddler crabs (LANGDON & HERRNKIND, 1985) or hermit crabs (DIAZ et al., 1995) which were assigned ecologically-relevant tasks, the Greek tortoises in the present experiment were tested in an artificial environment. They are not faced with similar tasks in their natural habitat, but the trials provide insights into their cognitive processes, including learning and memory.
This study supports the idea that reptiles are capable of performing similarly to mammals and birds in spatial tasks. From a spatial orientation point of view, chelonians are unique among reptiles in that they tend to navigate more similarly to birds and mammals than other reptilian groups (WILKINSON & HUBER, 2012) . Since their position within the reptile group is uncertain (mitochondrial DNA analysis suggests chelonians are closely related to birds and crocodiles while morphological features point towards a closer relatedness to lizards and snakes (ZARDOYA & MEYER, 2001; WILKINSON & HUBER, 2012) , studies of cognitive abilities might provide further insights into the group's evolutionary history.
Our experiment supports the hypothesis that Greek tortoises are able to discriminate between simple geometrical shapes. Further studies should focus on the importance of this ability for navigation in the species' natural environment.
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